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(57) Abstract 

The present invention is a method, and an apparatus for the performance, the auto-interpretation via the Internet, or other telemetric 
vehicle, of the visual function test parameters obtained during interactive visual field screening utilizmg a local display screen. Such 
interactive testing, and instantaneous auto-interpretation of visual field performance utilizing a local display screen (5) and central 
processing/data repository (18) via tclemedicme, arc utilized to screen for glaucOTia, and other neurological disorders affecting the visual 
system. Telemedicine, such as via the Internet, allows the system to be employed on a worldwide basis, including areas where physicians 
are not present 
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TITLE OF THE INVENTION 
Visual Field Testing Via Telemedicine 

BACKGROUND OF THE INVENTION 
5 Field of the Invention - This invention is in the field of visual field screening. 

Background Information - On a world-wide basis, glaucoma is one of the leading 
causes of blindness. Unlike cataract blindness, which is correctable with modem surgical 
techniques, blindness firom glaucoma is permanent. The target organ of glaucoma is the 
optic nerve, which transmits signals of light fix)m the retina to the brain. No known 
10 method is available for repairing, or transplanting, an injured optic nerve. Millions upon 
millions of patients throughout the world have glaucoma and are completely unaware of 
this. The particularly sad aspect of glaucoma blindness is that it is generally preventable 
with proper diagnosis and treatment. 

A major diagnostic problem is that, in many areas of the world, medical resources 
15 are scarce to the point of being virtually nonexistent. Therefore, many diseases which are 
readily treatable, sadly, go about their devastating business completely unchecked. 
Glaucoma, which causes absolute, total blindness when untreated, is no exception. 

A second major diagnostic problem is that visual loss fix)m glaucoma is, ahnost 
without exception, painless. The patient is unaware of the ravages of glaucoma until it is 
20 too late. With the use of an instrument called a 'tonometer" to measure the intraocular 
pressure, the diagnosis can be made whenever the pressure within the eye is significantly 
elevated. However, tonometry is not available in many parts of the world; and many 
patients have the "low-tension" form of glaucoma in which the intraocular pressure is 
completely normal. Therefore, reliance upon tonometry, in areas of the world where this 
25 is available, fi^uently leads to a blatantly false sense of security. The patient is told that 
glaucoma is not present, when, in reality, the disease is insidiously attacking the patient's 
optic nerve, causing irreversible neurological damage to the visual system. 

Because of the limitations associated with tonometry, most eye physicians attest 
that visual field testing is mandatory for glaucoma diagnosis and treatment. In fact, 
30 visual field testing is currently considered to be the gold standard for measuring the 
fimction of the optic nerve and the presence, or absence, of glaucoma. Visual field 
testing is generally an expensive proposition, however, with significant fees being 
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Charged for each test. Often, there is a physician or optometric examination charge in 
addition to the fee for the visual field test itself. Another major hurdle is that the patient 
must make an appointment for an eye examination, which is sometimes difficuh. 
Additionally, since glaucoma is generally painless and totally devoid of symptoms until 
i late stages of the disease, for the vast majority of people, no concrete motivation is 
present to seek professional help when nothing hurts. The upshot of tiiis is that the 
diagnosis of glaucoma is all too frequently never made until it is too late. 

Furthermore, in countries which are economically disadvantaged, visual field 
testing machines are prohibitively expensive. 

0 

BRIEF SUMMARY OF THE INVENTION 
Utilizing tiie patient's home computer, or some otiier video display system, and 
telemedicine, such as the Internet and other telemetric modalities, tite present invention 
provides an extremely inexpensive vehicle for addressing the serious problem of 
1 5 glaucoma blindness throughout tiie world. 

Screening software programs can be accessed by the patient's personal computer 
(or by any computer available to tiie patient, such as tiiat of a friend or of a local clinic) 
from tiie mtemet or otiier telemetric vehicle. Alternatively, a computer monitor, a 
television screen, or some otiier local video display system may be used, witii tiie 
20 software programs being operated entirely on a remote computer to generate tiie desired 
stimuli on tiie local video display system. Therefore, tiie entire testing process can be 
performed via long-distance transmission vehicles, such as, but not limited to, tiie 
Internet, or an optical fiber network, tiius providing, telemetrically, not only essentially 
instantaneous autointerpretation, but also telemetric monitoring of tiie patient's 

25 performance of tiie test in real time. 

At least gross telemetric monitoring is available by monitoring tiie speed of tiie 
patient's responses, as well as tiie response itself and whetiier it makes rational sense, 
based upon nomograms of typical patient visual behavior. Computers or systems 
available to tiie patient witii audio capability, such as an audio card, can provide audio 
30 feedback stimuli, such as voice, or a tone or series of tones, to monitor tiie test 
performance in real-time and provide interactive feedback to tiie patient. A patient can 
receive a "grade" correlated witii demonstrated responsiveness and concentration ability. 
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thus indicating whether the patient's perfonnance is satisfactory for meaningful 
autointerpretation. 

A central world-wide monitoring and data collection station, or a series of 
stations in different geographic areas, can link the system and provide multiweb-like 

5 integration. As international long-distance communication becomes more and more 
accessible and affordable, it is preferable that one station have global capability. The 
hitemet provides virtually instantaneous, extremely affordable, world-wide access. The 
present telemedicine system is "intelligent," in that ongoing data accumulation and 
analyses thereof improve the computational model and provide, over time, increasingly 

1 0 more accurate identification of more subtie disease processes. 

The novel features of this invention, as well as the invention itself, will be best 
understood from the attached drawings, taken along with tfie following description, in 
which similar reference characters refer to similar parts, and in which: 
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BREF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
Figure 1 is a schematic diagram of the information flow in the system of the 

present invention; and 

Figure 2 is a schematic diagram of the automatic interpretation portion of the 

system of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
Relying solely upon the patient's access to a computer or otiier video display 
system, the present invention provides a quick and easy world-wide visual field screening 
system via the Internet, or via some other long-distance telemedicine vehicle. All tiiat is 
required is for the patiem to access the software programs which in real-time 
interactively present, monitor, and instantaneously autointerpret the visual field screening 
test. The software programs can be accessed via telemedicine, such as "going on-line" 
on the Intemet. 

Early attempts at providing computer assisted visual field displays included work 
30 at NASA's Ames Research Laboratory during tiie late 1980's. where a computer graphic 
enviromnent was created for the display of binocular field of view and retinal visual 
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projections. These mapping efforts were, however, in no way associated with the use of 

interactive telemedicine. 

In the preferred embodiment, the proposed invention utilizes "frequency 
doubling" and "noise-field campimetry" software programs for quick and efficient visual 
5 screening of tite patient on his or her own display system. These two types of programs 

are well known in the art. 

An alternative embodiment of tiie proposed invention includes flicker and 
temporal modulation perimetry, as described in work published by Lachemnayr. and 
work published by Casson. High temporal flicker frequencies stimulate, on a preferential 
,0 basis, ganglion cells projecting to the magnocellular layers of the lateral geniculate body, 
mse axons are called M-cell fibers, and it is these nerve fibers which are postulated to 
be preferentially damaged in glaucoma. Detection of damage to M-cell fibers, tiien, 
helps make tiie diagnosis of glaucoma in its earlier stages. Flicker perimetry is an 
excellent tool with patients who also have cataract formation. The Uchemnayr metiiod 
,5 uses ti.e highest frequency of flicker, called the "critical flicker frequency", which is 
, detected for a 100 per cent contrast flicker target. Hie Casson method employs a group 
of fi«quencies, such as temporal frequencies of 2, 8, and 16 Hz. 

Another alternative embodiment of the proposed invention employs color-on- 
color visual field strategies. Tins embodiment requires tiiat tiie patient have access to a 
20 color video monitor or color television. One such strategy, currently known in the art, is 
called "short wavelength automated perimetry". The advantage of tiiis strategy is that 
defects are believed to become apparent several years before being noted on standard 
automated perimetry visual field tests. 

Still another alternative embodiment of the proposed invention employs motion, 
25 or "kinetic" perimetry strategies, which are currently well known in the art. 

The system of the present invention, as illustrated in Figure I, includes a local 
visual field test apparatus 5, which can include a display screen, such as a television or a 
computer monitor. The local apparatus may also include a local computer. It is 
recognized tiiat using tiie patient's display system may not provide quite tiie degree of 
30 accuracy of the best available perimeter systems. Extremely subtle visual field changes 
are more difficult to notate on a computer or television display. Deficiencies include the 
fact that ambient lighting conditions will vary from one person's home to another. The 
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"texture" and luminosity of one person's display screen will vary from that of another 
person. Some display screens have adjustable "brightness," and some do not. "Gamma 
calibration", a procedure well known in the art, is one strategy which can be used in the 
software incorporated in the present invention, as a standardization aid. 
5 Visual field testing utilizing a video display as the visual fixation source may not 

equal the accuracy attainable with a full threshold first-class globe perimeter; 
nevertheless, the present invention can achieve an initial accuracy level of 75 to 80 per 
cent, and maybe more. Providing this degree of test accuracy via a worid-wide telemetric 
system, such as the Internet, for interactive real-time performance and for instantaneous 
10 autointerpretation of visual screening test results, will play a major role in eliminating 
world-wide glaucoma blindness. By providing a preliminary diagnosis virtually 
instantaneously and telemetrically, the patient can be educated to seek help from the 
medical profession. A screening "preliminary" diagnosis can be then be confirmed, and, 
if glaucoma is present, proper glaucoma treatment can be instituted. The proposed 
15 invention may well spare millions and millions of patients throughout the worid 
blindness and the ravines of mdiagnosed glaucoma. 

In addition to testing for glaucomatous damage to the optic nerve, visual field 
testing with the present invention can also be used to test for a variety of neurological 
disorders, including cerebrovascular accidents ("strokes"), trauma, brain tumors, and 
20 other diseases. Generally speaking, strokes and major neurological brain diseases cause 
quite large visual field deficits, and the proposed invention will readily help make the 
diagnosis of these disorders. 

With the huge data base developed by a large-scale, worid-wide telemedicine 
system, leading international experts on glaucoma and other neurological diseases can be 
25 employed to improve the accuracy of the entire system. 

Investigational work has been done on the use of neural nets "trained to interpret 
the visual fields from an automated perimeter," as described in "Interpretation of 
Automated Perimetry for Glaucoma by Neural Net," by Goldbaum, et al. Spenceley, et 
al., have also published work in the field in an article entitled, "Visual Field Analysis 
30 Using Artificial Neural Networks." Brigatti, Hoffinan, and Caprioli have worked with 
neural networks for glaucoma identification, as described in their article entitled, "Neural 
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Networks to Identify Glaucoma With Structural and Functional Measurement." These 
works are limited to conventional globe-like perimeter systems. 

Some of the inventors of the present invention have also developed a method and 
an apparatus for automatic, computerized interpretation of the visual function test 
5 parameters obtained in a head-mounted display virtual realty testing system. The data 
produced by the testing system are automatically reviewed and correlated with 
previously-determined patterns recognized to be "normal" or "abnormal," and clinical 
diagnoses for pathological conditions are thereby suggested to the clinician. 
Telemedicine can be utilized to receive test data from the patient and to transmit the test 
10 interpretation, including the suspected diagnosis, or diagnoses, and recommendations for 
fiirther clinical correlation or for further ancillary tests. Telemedicine can be employed 
to monitor interactively and automatically, in real time, the patient's performance of the 
visual field test. 

The system of the present invention similarly uses clustering algorithms, linear 
,5 and non-linear mapping algorithms, and pattern recognition algorithms, either 
individually or as a combination thereof. The remote computing system consists of a 
central processing system and data repository 18, as shown in Figure 1. A database of 
empirical, semi-empirical, or simulated visual field test data is used to build a model of 
the visual field test data. This model, when applied to previously unseen test results, is 
20 capable of automatically interpreting and classifying the test data in terms of the presence 
and/or severity of abnormal (diseased) regions and states. 

The data processing portion of the system provides not only the classification of 
the visual field test data in terms of presence or absence of all disease, or any particular 
disease (e.g., glaucoma), but also may assign a probability of detection and/or a 
25 numerical value indicating the severity of the disease. This provides a tool for 
monitoring disease progression. 

The automatic interpretation portion of the system may be a binary classification 
system, which will indicate the presence or absence of a particular disease, such as 
glaucoma, or a multi-class system, which provides recognition and classification of a 
30 large variety of possible visual field disorders, including, but not limited to, neurological 
tumors, cerebrovascular accidents and strokes, optic nerve disorders, compression 
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syndromes of the optic nerve or optic chiasm, demyelinating diseases, and diseases of the 
retina. 

The system of the present invention utilizes the results of visual stimuli consisting 
of dots, symbols, shapes, or patterns, etc., with or without color, depending upon the 
5 capability of the patient's display screen. These are presented to the patient in the form, 
preferentially, of such visual screening programs as frequency doubling and noise-field 
campimetry, but also including standard automated perimetry visual testing schemes such 
as those used by the Humphrey Field Analyzer. Noise-field campimetry can be used to 
present visual stimuli to the patient utilizing the entire display screen, called "full-field" 
1 0 noise-field campimetry. Also, a completely new technique called "focal" or "segmental" 
noise-field campimetry can also be employed as a visual testing strategy in the proposed 
invention. In this technique, only a focal area of the display screen is utilized to test 
Visual function responses of the patient. These focal areas of noise-field stimuli can be 
moved fi-om location to location upon the display screen, or from quadrant to quadrant. 
15 Incorporating focal noise-field campunetry as a testing strategy for the proposed 
invention provides an extremely efficient method to determine significant visual field 
loss. 

Regardless of the particular testing strategy utilized, these visual stimuli, as 
described in the preceding paragraph, are converted into numerical representation for 
20 data processing. Other inputs, resulting from standard pre-processing of the test data, 
such as visual field indices, can also be employed by the interpretation system. Inclusion 
of all available individual components of perimetric examination is usefiil for proper 
clinical interpretation of the visual test examination. 

Thus, the information provided to the automated interpretation system may 

25 include: 

ancillary data, such as pupil size during testing (as estimated or 
measured by an independent observer of the patient), the patient's age, 
and visual acuity (which can be measured for near vision by tiie testing 
program); 

30 reliability indices, such as fixation behavior and accuracy, and 

response fluctuation; 
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visual field indices, such as average deviation of sensitivity at each 
test location from age-adjusted normal population values, the index of the 
degree of irregularity of visual field sensitivity about the normal slope, 
and sensitivity analysis of clusters of points; 

results of point-by-point comparison of test results with age- 
matched normal population values; 

results of high-pass resolution perimetry (with resolution 
limitations ascribed, among other considerations, to the innate quality and 
performance capabilities of the patient's computer system and display 
monitor); 

results of flicker and temporal modulation perimetry; 
results of color-on-color perimetry testing strategies, using a color 
video monitor or television; 

results of motion, or "kinetic", perimetry visual field testing 

strategies; and, 

results of pattern discrimination perimetry, including frequency 
doubling, noise-field campiraetry (both "fiill field" noise-field 
campimetry, as well as "focal" noise-field campimetry), and other 
currently available, or to-be-developed, tests. 
20 The implementation may be in the form of a single-level system or a hierarchical 

system. In the single-level system, all the input data which are deemed relevant for the 
interpretation task, are inputted and processed simultaneously. In tiie hierarchical 
system, different input data types are modeled by dedicated separate sub-systems, and 
these outputs are subsequentiy fiised through a suitable computational architecture, such 
25 as a neural network, to produce the final classification result. 

The automatic interpretation system, shown in Figure 2, can consist of die 

following modules: 

clustering/data reduction module 22, which may employ singular 
value decomposition, principal component analysis, learning vector 
30 quantization, or other clustering or data size reduction methods; 

data normalization module 24; 
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data classification module 26, v^ich performs pattern recognition, 
classification, and quantification of the visual field test data through non- 
linear or linear mapping. This function may be accomplished through the 
use of multilayer perceptron neural network and other neural network 
5 architectures, or through non-linear, multivariate, or linear regression of 

the data, or by multivariate statistical classifiers or discriminators (such as 
Bayesian classifiers); 

output module 28, creating a graphical representation of the visual 
field test data, such as isopter/scotoma plots, or gray scale or color-coded 
10 plots, with superimposed identification of tiie regions that tiie system 

classified as abnormal. 

The automatic interpretation system is an expert system automatically trained on 
a set of empirical, semi-empirical, and/or simulated data. The construction of a proper 
training database is essential for achieving good performance of the interpretation 
15 system, including good sensitivity and specificity. The training database may contain all, 
or any, of ti»e following types of visual field data: 

empirical data, i.e., data obtained for patients with normal and 

abnormal visual fields; 

semi-empirical data, i.e., data obtained by modification of tiie 

20 empirical data, as described above, by: 

emphasizing or de-emphasizing certain aspects of tiie visual field 
test to bring out tiie characteristic features of certain diseased states; 

adding noise or measurement uncertainty component(s) which may 
be associated with a real visual field examination; 
25 any otiier modification of tiie visual field test data and tiieir 

associated classification; and, 

simulated data, i.e., data tiiat are constructed to simulate tiie real- 
worid results of a visual field test for botii normal and abnormal visual 
fields. 

30 The data produced by tiie testing system are automatically reviewed and 

correlated witii previously-determined patterns recognized to be "normal" or "abnormal," 
and clinical diagnoses for patiiological conditions are tiiereby suggested. Telemedicine is 
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Utilized to receive test data from the patient and to transmit the test interpretation, 
including the suspected diagnosis, or diagnoses, and recommendations for further clinical 
correlation or for further ancillary tests. Telemedicine is also employed to monitor 
interactively and automatically, in real time, the patient's performance of the visual field 
5 test. 

The content of the software is dictated by the need to provide technically 
acceptable protocols, such as for examining the field of view and deficiencies thereof, 
utilizing measurements of thresholds for pattern discrimination, sensitivity to light 
intensity, or, if desired and available on the patient's display monitor, color. The 
10 preferred embodiment includes fi^uency doubling and noise-field campimetry (both 
"fiiU field" campimetry, and "focal" noise-field campimetry), as these are very amenable 
to testing on a display monitor screen. Active feedback sensing can alert the system to 
patient loss of attention, for notation and reiteration of test stimuli. Individual test points 
are reiterated when a result is found to be inconsistent witii a predetermined norm. 
15 Audio feedback stimuli can present a voice, or a tone or series of tones, to monitor the 
test performance in real-time and to provide interactive feedback. Each eye is tested 
individually by occluding the non-tested eye. 

Specific instructions are given to tiie patient to establish tiie proper geometric 
conditions for test performance, such as tiie recommended distance from tiie eyes to tiie 
20 patient's display screen, and head placement relationhip tiiereto. It is important tiiat tiie 
dimensions of tiie patient's display screen be known. These dimensions, as well as tiie 
display screen's manufacturer and model number, can be readily transmitted to tiie 
central station computer, so tiiat tiie software can provide necessary viewing distance 
instructions and otiier pertinent recommendatons. Widening the field of view is easily 
25 accomplished by simply decreasing tiie distance from tiie patient's eyes to tiie display 
monitor. 

While the particular invention as herein shown and disclosed in detail is fiilly 
capable of obtaining the objects and providing tiie advantages hereinbefore stated, it is to 
be understood tiiat tiiis disclosure is merely illustrative of tiie presently preferred 
30 embodiments of tiie invention and tiiat no limitations are intended otiier tiian as described 
in the appended claims. 
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CLAIMS 

We claim: 

I 1 . A visual field testing system comprising: 

2, a video display screen for viewing by a patient at a local site; 

3 a computing means located at a site remote from said local site, said 

4 remote computing means being programmed to generate visual stimuli for 

5 presentation on said local display screen, to monitor a patient's responses to said 

6 visual stimuli, to provide real-time feedback to said responses, and to provide 

7 diagnostic information to a patient; 

8 an automatically-trained expert system at said remote site connected to 

9 said remote computing means for receiving data on said responses from a patient, 

10 for instantaneously interpreting said responses, and for providing interpretation of 

I I said responses to said remote computing means; and 

,2 a data transmission system between said local and remote sites for 

13 transmitting data between said local display screen and said remote computing 

14 means. 

, 2. A visual field testing system as recited in claim 1, wherein said local 

2 video display screen comprises a television screen. 
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1 3. A visual field testing system as recited in claim 1, further comprising a 

2 computing means at said local site, wherein: 

3 said local video display screen comprises a video monitor connected to 

4 said local computing means; 

5 said remote computing means displays said visual stimuli on said video 

6 monitor via said local computing means; 

7 said patient responses are transmitted to said remote computing means via 

8 said local computing means; and 

9 ' said feedback and said diagnostic information are transmitted to a patient 

1 0 via said local computing means. 

1 4. A visual field testing system as recited in claim 1, wherein said remote 

2 automatically-trained expert system comprises a neural network. 

1 5. A visual field testing system as recited in claim 1, wherein said data 

2 transmission system between local and remote sites comprises the Internet. 
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6. A visual field testing system comprising: 

a plurality of local computers including video monitors for viewing by 
patients at a plurality of testing sites; 

a response means at each testing site for activation by a patient at said 

testing site; 

a computer at a site remote from said testing sites, said remote computer 
being programmed to generate visual stimuli via said local computers for 
presentation on said video monitors, to monitor patients' responses to said visual 
stimuli, to provide real-time feedback to said responses, and to provide diagnostic 
information to patients; 

a neural network at said remote site connected to said remote computer for 
receiving data on said responses from a patient, for instantaneously interpreting 
said responses, and for providing interpretation of said responses to said remote 



computer; and 

a data transmission system between said local testing sites and said remote 
site for transmitting data between said local computers and said remote computer. 

7. A visual field testing system as recited in claim 6, wherein said local 
response means comprises a switch for activating an electrical signal. 
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8. A method for performing visual field testing, said method comprising: 

providing a display screen for viewing by a patient at a local site, a 
response means for activation by a patient at said local site, a computer at a site 
remote from said local site, an autointerpretation system at said remote site, and a 
data transmission system between local and remote sites; 

generating visual stimuli for presentation on said local display screen; 
monitoring a patient's responses to said visual stimuli; 
providing real-time feedback to said responses; 

providing data on said responses to said remote autointerpretation system; 
instantaneously interpreting said responses with said remote 
11 autointerpretation system; 

,2 providing interpretation of said responses to said remote computer; and 

,3 providing diagnostic information to a patiem witii said remote computer, 

1 4 via said data transmission system. 



2 
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10 



9. A method for performing visual field testing, as recited in claim 8, 
2 wherein: 

said visual stimuli are generated by said remote computer for presentation 
on said local display screen, via said data transmission system; 

said patient's responses to said visual stimuli are monitored witii said 



5 



6 remote computer, via said data transmission system; and 



7 



said real-time feedback to said responses is provided by said remote 



8 computer, via said data transmission system. 
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1 10. A method for performing visual field testing, as recited in claim 8, 

2 wherein: 

3 said local display screen comprises a local computer with a video monitor; 

4 said visual stimuli are generated by said remote computer for presentation 

5 on said local video monitor, via said local computer and said data transmission 

6 system; 

7 said patient's responses to said visual stimuli are monitored with said 

8 remote computer, via said local computer and said data transmission system; and 

9 said real-time feedback to said responses is provided by said ranote 

10 computer, via said local computer and sadd data transmission system. 

1 11. A method for performing visual field testing, as recited in claim 8, 

2 wherein: 

3 said local display screen comprises a local computer with a video monitor, 

4 said method further comprises downloading of software from said remote 

5 computer to said local computer; 

6 said visual stimuli are generated by said local computer for presentation 
7. on said local video monitor; 

8 said patient's responses to said visual stimuli are monitored with said 

9 local computer; and 

,0 said real-time feedback to said responses is provided by said local 

11 computer. 

1 12. A method for performing visual field testing, as recited in claim 8, 

2 wherein said generation of visual stimuli and said automatic interpretation of said 

3 responses implement flicker and temporal modulation perimetry strategies. 
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13. A method for performing visual field testing, as recited in claim 8, 
wherein said generation of visual stimuli and said automatic interpretation of said 
responses implement color-on-color visual field strategies. 

14. A method for performing visual field testing, as recited in claim 8, 
wherein said generation of visual stimuli and said automatic interpretation of said 
responses implement kinetic perimetry strategies. 
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